Akomoje reservoir
INTRODUCTION
The freshwater ecosystem, though rich in biodiversity, with variety of plant and animal species, may be the world's ecosystem in greatest danger of biodiversity loss of its fish populations. This is of great concern as decline in species richness is much more greater than in most of the terrestrial ecosystems also affected (Sala et al., 2000) .
Major causes of threats to global freshwater plant and animal life are water pollution, flow modification, destruction or degradation of habitat, and invasion by exotic species (Dudgeon et al., 2006) . Also, overexploitation of the resource is a major threat as fish play a vital role in human and animal nutrition providing large proportion of the populace the essential animal protein and also trickle up the economy of any nation (Worldfish, 2015) .
Several studies had been carried out on the biodiversity of various inland waters of Nigeria. Adeosun et al. (2010) researched on the fin fish assemblage of Ikere gorge dam, Oyo State Nigeria. Lawson et al. (2013) investigated on the fish assemblage of Majidun Creek, Lagos, Nigeria. Odulate (2016) also researched into the ichthyofauna diversity of Asejire Lake, Southwest, Nigeria. Other studies include that of Adeosun (2012) who investigated the fin fish assemblage of this particular water body; however, all of these studies reported the effect of water quality and anthropogenic activities on the biodiversity of these water bodies. Furthermore, changes in the global environmental, for example nitrogen deposition, global warming, shifts in precipitation and runoff patterns occurring exacerbated these threats (Galloway et al., 2004) .
Recent activities around and within the water are thought to have altered the species composition. In view of the dynamic nature of activities around this water body, there is need to carry out frequent researches into the biodiversity of the fisheries resources so as to provide up to date information that will assist fisheries managers in making policies that can protect the fisheries and also educate the farmers on the state of the fisheries resources of the water. Knowledge of the taxonomy and distribution of fish of any body of water is necessary in assessing its productivity but will also permit a better understanding of the population and life cycle of the fish community in the presence of environmental stress such as low dissolved oxygen, high temperature and high ammonia.
The study was therefore designed to investigate the fish resources of Akomoje reservoir drainage basin with special focus on composition, abundance, diversity and the prevailing environmental factors in the water body.
MATERIALS AND METHODS

Study area
The study was carried out in Akomoje reservoir drainage basin, lower River Ogun, Abeokuta, Ogun state. The reservoir is located in Abeokuta North Local Government of Ogun state and lies between longitude 3°21ʹS and latitude 7°21ʹE North of Abeokuta covering a land area of 1000 hectares. Ogun River is a perennial river in Nigeria, which has a coordinate of 3°28ʹE and 8°41ʹN from its source in Oyo State to 3°25ʹE and 6°35ʹN in Lagos state where it enters Lagos Lagoon. The dry season was between November to March while the wet season is between April to October. The annual rainfall ranges from 900 mm in the North of the River to 200 mm towards the South. Total annual potential evapotranspiration is 1600 mm and 190 mm. Ogun River catchment area is located in South West Nigeria, bordered geographically by latitude 6°26ʹN and 9°10ʹN and longitude 2°28ʹE and 4°4ʹE. The land is about 230 km 2 . The relief is generally low, with the gradient in the Northsouth direction. The water source is from the Igaran hills at an elevation of about 540 m above the sea level and flows directly southward over a distance of 480 km before it discharge into the Lagos Lagoon. The major tributaries of the river are Ofiki River and Opeki River Figure 1 . 
Collection of Fish Samples
Fish were collected from catches landed by artisanal fishermen using cast nets and gill nets (Mesh sizes: 12-25.4mm and 20-45mm respectively). The sampling was done forth nightly for six months from June indicating peak of the rainsNovember indicating the dry months of 2017.
Laboratory procedures
Fish specimens were conveyed in ice box to the Wet laboratory in the Department of Aquaculture and Fisheries Management, Federal University of Agriculture, Abeokuta, Ogun State, Nigeria for further investigations. The specimens were removed from the ice box and mopped with clean dried towel. The specimens were sorted to the lowest taxonomy level and identified following Olaosebikan and Raji (1998) . The fish were weighed to the nearest 0.1 gram using a weighing pan balance (Mettler Toledo, PL3001-S Accurate scale).
Monitoring of Physical and Chemical Parameters of Water
Physical and chemical parameters of the water were monitored in situ and ex situ. Water samples were collected in sample bottle from the surface of the water in each location on each sampling visit. Temperature, total dissolved solids (TDS), pH and electrical conductivity (EC) were measured using water quality parameter kit (HANNA HI 9810). Dissolve oxygen using Winkler's titrimetric method. Transparency was determined with a secchi disc. The concentration of phosphate in water was measured using Vanado-molybdate colorimetric method (Ademoroti, 1996) . Sodium salicylate (colorimeter) method (Ademoroti, 1996) was used to measure the concentration of nitrates in water sample collected
Data analysis
Number of individuals (n) of a species was monitored monthly from the pool of the bi-monthly catch. Sample size (N) represents the total sum of all individuals of the different species encountered in the study. Equations for calculations were adopted from the study of Lawson et al. (2013) . N = Ʃ (n 1 + n 2 + n 3 + n 4 + …+ n i where, 1, 2, 3, 4,……and i are index numbers for the different species 1, 2, 3, 4…….. and i of the sample.
Frequency of abundance was calculated as the percentage of the number of individuals that made up each species (n) relative to total number of individuals of all fish species that were encountered in the study (N). Thus: Species biomass was taken as total weight of individuals of a species while the percentage biomass was percentage of each species biomass relative to sum total biomass of all fish species encountered in this study. Thus:
x 100
Classification of fish species based on frequency of occurrence was described using a subjective acronym (COR) adopted from the study of Lawson et al. (2013) : (C) common, (O) occasional and (R) rare species. Fish species are described as common, when a species occurred above 20 individuals; occasional, when often below 20 individuals and rare, when not found often usually less than 10 individuals.
Fish diversity, a measure of species richness and distribution evenness was calculated using the following indices:
where, N is Total number of organisms of all species found, n is number of individuals of a particular species, D is diversity index, i is an index number for each species present in a sample, pi = ni/N is the number of individuals within a species i divided by the total number individuals (N) present in the entire sample. Σ is sum the values for each species and S is total number of species.
Microsoft Office Excel and the Statistical Package for Social Sciences (SPSS) software were used to analyze results. Means were separated using Duncan multiple range test (Duncan, 1955) . Correlation between water parameters was by linear regression. All the statistical analyses were considered at significance level of 5% (p<0.05).
RESULTS
Fish species identification and monthly composition
Taxonomic identification of 1012 fish samples caught revealed a total of 14 species belonging to 9 families. The families included the following; Clariidae, Cichlidae, Bagridae, Malapteruridae, Schilbedae, Mormyridae, Osteoglossidae, Channidae and Mochokidae with each of the families represented by various species Table 1 . Monthly composition of catch is shown in Table 2 . 
Abundance of fish species
The abundance in number and weight composition of fish species in the Akomoje reservoir drainage basin of Lower Ogun River during the study months are presented in Table 3 . Members of the family Bagridae were the most abundant fish family in the reservoir basin and C. nigrodigitatus were the most dominant species contributing 60.28 % of the fish population. There were variations in biomass from one species or family to another. Fish species biomass varied between 0.4 Kg and 0.59% in S. schall and S. batensoda with 8 and 11 individuals to 26.5 Kg and 39.38% in C. nigroditatus with 610 individuals. Summary of occurrence of fish species in the Akomoje reservoir drainage basin is given in Table 4 . Of the total number of individuals and 14 fish species encountered during the study, 924 individuals from 6 species, 66 individuals from 5 species and 22 individuals representing 3 species were categorized as common, occasional and rare species, respectively. Common species are C. nigroditatus, T. zillii, O. niloticus, C. gariepinus, C. auratus and Malapterurus electricus representing 91.3% while occasional and rare species represented 6.53% and 2.17% of the fish population. where, "N" is Total number of organisms of all species found, "n" is number of individuals of a particular species, "D" is diversity index, "I" is an index number for each species present in a sample, "pi" = ni/N is the number of individuals within a species i divided by the total number individuals (N) present in the entire sample. "Σ" is sum the values for each species and "S" is number of species.
Monitored physical and chemical water parameters of Lower Ogun River
The physico-chemical parameters of water samples in Akomoje reservoir drainage basin in Lower River Ogun throughout the study period are presented in Table 6 . Significant differences (p<0.05) was observed in some of the water quality parameters: salinity, between the months, however, there were no significant difference (p>0.05) in air temperature, water temperature, DO. Correlation was observed between the water quality parameters (Table 7) . Negative correlation was basically observed between the water quality parameters of the study area and fish abundance during the study period (Table 8 ). Mean values with the same superscripts along the columns were not significantly (P>0.05) different. Temp = temperature, Transp = Transparency, TDS =Total Dissolve Solids, EC =Electrical conductivity, DO =Dissolve oxygen, BOD =Biological Oxygen Demand, Org. P = organic phosphate 
DISCUSSION
The fish families and species identified from this water body during the study revealed a decline in the fish assemblage of this water body as there were differences when compared to the findings of Adeosun et al. (2012) who recorded thirty-two species from thirteen families from this same water body. This variation could be due to low fish productivity, human activities on and around the water body resulting to either overfishing of the resource or pollution of the water body and environmental degradation which could inturn result to depletion of the fish abundance. This decline in the fish species assemblage was also confirmed by the study of this water body as reported in the undergraduate research work of Oyerogba (2011) and published in the University Journal. This finding also corroborated earlier studies on the effects of anthropogenic activities on fish and aquatic environment (Bukola et al., 2015) , aquatic ecosystem (Oribhabor, 2016) and macrobenthic assemblage (Moslen and Ameki, 2018) .
Total abundance of species by number revealed the high presence of the Bagrid species with 661 samples from two species followed by the Cichlids with 193 samples from three species. This however agreed with the findings of Adeosun et al. (2012) who reported the dominance of the Bagrid C. nigrodigitatus. Also, Adeosun et al. (2010) and Odulate (2016) reported similar findings in their study of both Ikere gorge, Oyo State and Asejire Lake, Ogun State both in the South West of Nigeria. Falaye et al. (2015) reported that of the total catch from Erelu Reservoir, Oyo State, 72% were dominated by O. niloticus, Raiamas senegalensis, C. nigrodigitatus, Sarotherodon melanotheron, S. mystus and T. marie. This finding implies the high number and dominance of these families in the South West, Nigeria. However, differences in fish composition of this water body and that reported by Falaye et al. (2015) could be attributed overexploitation of C. nigrodigitatus from Erelu Reservoir. It could also be due to migration, recruitment, differences in time, gear and climatic condition.
The dominance of C. nigrodigitatus in this study indicated that they are among the major river pelagic fish, most valuable and abundant in the artisanal fisheries of Nigeria. Ellenbroek (1987) opined that the dominant species in a community largely determine the structure and the functioning of the community. Also, the richness of the species throughout the sampling period could also be attributed to its successful adaptation within its environment due to its diverse feeding habits and low predation. It could also be due to its ability to tolerate to some extent adverse environmental conditions. The abundance of C. nigrodigitatus and other fish species recorded in the month of August indicated food abundance from primary productivity and nutrient influx from agricultural and domestic runoff. It could also be that the water condition was suitable for the species.
The diversity indices of any water body give an idea of how rich the water body is in terms of fish species and the state of the water. Akomoje drainage basin has high species diversity; however, this rich diversity is not evenly distributed. The high diversity of the water body could be due to the excellent condition of the water. It could also be due to variety of habitat, abundance of water and food resources, competition, vegetation diversity which affects the food chains and the geography of the location. The more varied the habitats, the more the population when compared to less variable habitat. Others causes of the rich diversity include latitudes (solar radiation) and longitudes. The diversity observed in this water body agreed with the findings of Lawson et al. (2013) . Similar findings were reported by Sweke et al. (2013) in Lake Tanganyika Also, the high distribution of all species observed in the offset of the rains (August and October) (Table 5) could be due to the migration pattern of fish during the wet months into the reservoir resulting to more fish harvest by fishermen. This corroborated the findings of Offem et al. (2011) who reported higher number of species in the dry season than wet. However, the findings of this study were not in agreement with that reported by (Lawson and Olusanya 2010) who reported high fish species abundance in the wet month of July.
The fluctuations observed in the water parameters throughout the study indicated steady influx of nutrients and particles into the drainage basin during this period. However, DO was observed to have direct relationship with temperatures. Dimowo (2013) reported similar relationship between DO and temperature. However, levels of pH were observed to drop with rise in temperature during the study. Mean temperature was comparable to the one reported by Adeosun et al. (2014) for this water body, but the level of DO was however, lower in their study than observed in this study. Dimowo (2013) reported similar temperature level as observed in this study. High levels of phosphate and nitrate recorded during the study especially in the month of August also confirms the influx of dissolved nutrients from runoff into the water resulting to increased primary productivity and corresponding increased in fish composition.
Negative correlation obtained between some water quality parameters indicated that increase in one parameter, will result to corresponding decrease in another. Of importance, the high negative correlation between water temperature and pH of the study area indicated that any increase in the water temperature or pH will cause a decrease in either one. This could be very lethal to the fish life present in the water body as pH levels 4 and below and 9 above could be very detrimental to the life in the water. Similar correlation obtained for BOD and EC could also be bad for the fish life hence, there is need to constantly monitor these parameters to save the fish life. Also, negative correlation obtained between water quality parameters and fish abundance in the study area indicated that any further increase in the water quality parameter than the recorded value will lead to a corresponding depletion in the species richness of the lower Ogun Reservoir drainage basin, Akomoje.
The fish species abundance of the lower River Ogun Reservoir drainage basin, Akomoje, comprised of 1012 fish species from 9 families and 14 species. The most dominant fish species were the Bagrids, Cichlids, Clariids and Malapteruridae represented by C. nigroditatus, T. zilli, O. niloticus, C. gariepinus, C. auratus and Malapterurus electricus. The study further concludes that the water quality parameters of the study location measured during this study were still within tolerable range to fish survival, however, with the negative correlation obtained between fish abundance and water quality parameters, human activities around this river should be monitored to prevent pollution of the water body. Finally, the fish population of this river basin has been well depleted.
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